Seasonal variation in mortality due to acute myocardial infarction with an increase in the number of deaths during winter has been observed in several countries, such as Canada, New Zealand, the United States, and others [1] [2] [3] . Most studies indicate that low temperatures are the direct causal factors; some authors suggest the participation of respiratory infections 4, 5 , air pollution 6 , or the effect of the number of hours of solar radiation 7 .
Recently, studies on "triggers" have been intensified. Triggers are acute risk factors for coronary events that cause pathophysiological alterations, such as arterial hypertension, an increase in blood clotting, or vasoconstriction. In the presence of a vulnerable atherosclerotic plaque, triggers may lead to instability of the plaque and consequent acute coronary insufficiency [8] [9] [10] . Environmental factors, such as temperature, air pollution, and respiratory infections, have been associated with effects that fit into this concept of triggers.
However, most studies on this subject were carried out in countries with cold climates, with greater variations in temperature and well-defined seasons, and the validity of their conclusions applied to other climatic conditions has not been well defined. The mechanism involved in these deaths has not yet been well clarified.
The clinical relevance of this annual rhythmic variation may be estimated by the observation of a more than 50% increase in the number of hospitalizations and deaths due to acute myocardial infarction during winter, as compared with those occurring during summer 3 . A possible intervention for decreasing this winter peak depends on clarifying the pathophysiology of this seasonal variation.
Observational delineation is an objective and low-cost form of studying the participation of the environment in triggering cardiac events, which may indicate associations and suggest causal relations for further experimental and clinical investigation.
The objective of the present study was to assess the seasonal variation in mortality due to acute myocardial infarction in the city of São Paulo, estimating its magnitude and population characteristics. 
Methods
We included in this study all deaths occurring in individuals older than 34 years during the period from 12/1/ 1996 to 11/30/1997, certificates for which were recorded in the PROAIM (Programa de Aprimoramento de Informações de Mortalidade) database. This is a municipal agency that registers, processes, and revises death certificates of people living in the city of São Paulo, Brazil, which is located at 800 meters of altitude and is crossed by the Tropic of Capricorn, on the west longitude of 46°.
The International Classification of Diseases 10 th edition was used to classify the deaths due to acute myocardial infarction (classification I21). Data were analyzed using the methodology described by Sheth et al 1 according to month and season as follows: winter (June to August), spring (September to November), summer (December to February), and fall (March to May). The mean daily temperatures, with the variation enclosed within parentheses, were as follows: 22 The values of the daily counts of deaths obtained in 90 to 92 days, which corresponded to each season, were corrected to a standard period of 90 days and divided by the estimate of the population, corresponding to age, sex, and date of death. These data were obtained at SEADE (Fundação Estadual de Análise de Dados -SP) to calculate the rate of death per 10 thousand inhabitants. The individuals were divided according to 2 age brackets (<75 years, and >75 years) and sex.
Data on mortality underwent linear regression analysis, and the Poisson distribution was adopted. The homogeneity of death distribution in the 4 seasons was assessed with the chi-square test. The seasonal variation in the number of deaths was also estimated based on the difference in the relative risks between the periods of greater and lower mortality 1 . The probability of P<0.01 was considered statistically significant.
Results
We identified 5,615 deaths due to acute myocardial infarction, 3,453 (61%) being in males and 2,162 (39%) being in females, with a mean age of 68 ± 14 years.
The mortality rate was greater in males than in females (P<0.01) and in elderly individuals than in those younger than 75 years by the time of death (P<0.01).
A heterogeneous pattern of seasonal distribution of deaths due to acute myocardial infarction was observed (P<0.001). The mortality rate due to acute myocardial infarction was always higher in the winter months and lower in the summer months, when compared with those of the other seasons (P<0.01) ( fig. 1) . No significant difference between the mortality rates during spring and fall was observed (P=0.36) for both sexes and for the 2 age brackets considered. When compared 2-by-2, all other seasons showed significant differences (P<0.01) (tab. I). Age bracket and sex, did not influence significatively the seasonal behavior of mortality rate (P=0.19) (figs. 2 and 3).
The seasonal variation estimated was 30% in the general group, 23% for individuals younger than 75 years, and 44% for the older ones.
Discussion
The present study is the first to assess the seasonal variation in mortality due to acute myocardial infarction in the South American continent using current criteria of diagnosis and classification of death and based on audited data with a low frequency of deaths due to undefined causes. In 1941, however, Chiaverini et al 11 reported very similar findings when assessing the causes of death in individuals undergoing autopsy at the coroner's office in São Paulo. These authors also found a higher frequency of deaths due to cardiovascular diseases in winter.
In our environment, the results confirmed the occurrence of the concentration of deaths due to acute myocardial infarction in the winter months, as had already been observed in other countries with very distinct population and climatic conditions. This suggests that the low absolute temperatures in these cold regions are not essential for the wide seasonal variation in mortality due to acute myocardial infarction observed. In addition, a greater proportional increase in mortality in the elderly in Canada, as reported by Sheth et al 1 , is consistent with the findings here reported. The approximately 30% magnitude of the seasonal variation in mortality due to acute myocardial infarction observed in our findings is compatible with that reported in the literature, which ranges from 10% to 38% [1] [2] [3] . This fact may be explained by the low use of active heating, and poor housing and inadequate clothing in a large amount of our population, which is, therefore, exposed to winter extremes, even, if in comparative terms, our winter is much milder than that in other countries 12 . The mechanisms involved in this phenomenon are not yet clearly understood. Most authors, however, attribute the increase in winter mortality mainly to the reduction in temperature [13] [14] [15] . This excess in deaths may be explained by the increase in the incidence of disease and its lethality, as already shown in the report of the Second National Registry of Myocardial Infarction, encompassing 1,474 hospitals in the United States 3 . Cold weather has the following well-characterized effects: cardiovascular effects, such as the increase in heart rate, blood pressure, and systemic vascular resistance 16, 17 ; neuroendocrine effects, such as the increase in sympathetic activity, elevation in plasma noradrenaline 18, 19 , activation of the renin-angiotensin system 20, 21 ; and alterations in blood and hemostasia, such as the increase in plasmatic volume, in blood viscosity, and in platelet aggregation, in addition to hypercoagulability 16, 22 . The increase in the incidence of respiratory infections during winter and the consequent activation of the acute inflammatory phase has been related to an elevation in fibrinogen and in the activity of factor VII with a possible increase in thrombogenesis 4, 5 . The advantage of choosing the database used here was its universal characteristic, encompassing almost all deaths in the municipality of São Paulo; death certificates, however, were considerably imprecise 23 . The objective of our study, however, was not to assess the absolute value of the mortality rate, but its seasonal distribution.
Data obtained support the principle that environmental factors have the capacity to trigger fatal coronary events and allow confirmation of the existence of a wide seasonal variation in mortality due to acute myocardial infarction in the city of São Paulo, with magnitude and population characteristics similar to those found in regions with temperate climates in North America and Europe.
Our study stresses the need for further investigation to explore the role played by the environment, especially temperature and infections, in the genesis of acute myocardial infarction. Studies on the seasonal behavior of the sympathetic nervous and renin-angiotensin systems and the clinical value of the adaptation of the medicamentous dosage to seasonal variations would be of special interest, as already proposed by Green et al 24 . Another field to be studied is the better definition of the role played by respiratory infections, such as influenza and chlamydia infections, in determining the seasonal pattern and the opportunity of preventive strategies.
Based on these data and on the literature, the recommendation for better protection against cold weather is noteworthy, through active heating, better residential insulation, and use of adequate clothing, especially in patients at risk or with coronary artery disease 25 . 
